supported by brace roots. The tree can grow to a height of 4 meters. Leaves grow in clusters at the branch tips, with rosettes of sword-shaped, stiff and spiny bluish-green, fragrant leaves. Leaves are glaucous, 40-70 cm. long. In summer, the tree bears very fragrant flowers [15] . Aromatic oil (kevda oil) and fragrant distillate (otto) called keorra-ka-arak are extracted from the male flowers. They are almost exclusively used in the form of a watery distillate called kewra water. It is also called as Kevda plant in India. So an attempt has been made here to investigate the properties of PO fibres and to explore its further potential to be used as textile as well as composite material.
II. Methods And Materials

Materials
The fibres were extracted from the leaves of the PO plant which was harvested from the rural areas of Maharashtra, India. The fibres were used without any pre-treatment or purification. The chemical reagents of analytical grade, such as sulphuric acid, sodium chlorite, sodium bisulphate, glacial acetic acid, sodium hydroxide, ethanol, toluene were procured from SD Fine Chemicals Ltd., India.
Methods 2.2.1 Fibre extraction
The fibres were extracted from the matured leaves of the PO plant. These matured leaves consisted of thorns on the edges and a sharp and pointed thorn at the tip of the leaf. These thorns were removed with the help of a knife. After this the leaves were directly subjected for water retting for 15 days. These leaves after retting were removed from the water and dried in sun and later were stripped off by using metal comb to get the fibres. These fibres were washed continuously under running tap water to get clean fibres and were made suitable for physical, chemical and morphological analysis.
Mercerization of fibres
The PO fibres were chopped to a length of 10cm and treated with different concentrations (2%, 5%, 10%, 15%, 20% w/v) of aqueous solutions of NaOH at room temperature for 1hr using material to liquor ratio 1:30. The fibres were then removed and washed continuously with water, neutralized with dilute acetic acid and washed again with fresh water. The fibres were there after dried at 65 o C in hot air oven for 24 h [16] .
Determination of chemical composition
The chemical composition of the PO raw fibres and mercerized fibre was determined by chopping the fibres into small pieces. These chopped fibres were weighed and dewaxing was carried out by boiling the fibres in a mixture of toluene/ethanol (2:1 v/v) in a soxhlet apparatus for 6 h. The de-waxed fibres were then filtered, washed with ethanol, and dried. The acid-insoluble lignin content was determined according to TAPPI T222 om-02. In this method of determination, lignin (also known as "Klasons lignin") is defined as constituents of fibres insoluble in 72% sulphuric acid. The α-cellulose content was determined by TAPPI T 203 cm-99 and ash content was determined by standard method of Tappi T 211 om-02.
Morphological studies
The scanning electron micrographs of the fibre surface were recorded on a microscope (JEOL JSM 6380LA, Japan) from Institute of Chemical Technology. The fibre samples were sputter coated with platinum before recording the micrographs.
FTIR analysis
The IR spectra of raw and mercerized PO fibre samples were recorded using FTIR spectrophotometer (Shimadzu 8400s, Japan) using ATR sampling technique by recording 45 scans in % transmittance mode in the range of 4000-600 cm -1 .
XRD analysis
The crystallinity of raw and mercerized PO fibres was studied using an X-ray diffractometer (Shimadzu 6100, Japan) equipped with CuKα radiation (λ = 1.54 o A) in the 2θ range 5-30 o . The experiments were performed in the reflection mode at a scan speed of 2 o /min in steps of 0.02 o . The crystallinity index (CrI) of the fibre was calculated according to the empirical method shown in the following equation [17] .
CrI% =I 002 -I am /I 002 x 100 (1) where I 002 and I am are the peak intensities of crystalline and amorphous materials, respectively.
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2.2.7
Thermal analysis The samples of untreated and mercerized PO fibres were cut into small pieces and thermo gravimetric analysis (TGA) was carried out. The thermograms were recorded on Shimadzu 60H DTG machine using aluminium pan between temperature range o C under the inert atmosphere of nitrogen at a flow rate of 50ml/min.
Tensile properties and Moisture regain
The tensile properties of the fibres were measured according to ISO 5079; 1996 method in terms of the breaking load, percentage elongation at breaking using Tinius Olsen tensile testing machine. A gauge length of 20 mm with a speed of 5 mm/min were used for the testing. Approximately 15 fibres were tested for their tensile properties and an average was recorded. To identify the moisture content values, the fibre sample was tested according to ASTM standard method 2495.
III. Results And Discussions
Determination of chemical composition
The results of chemical composition studies of untreated and mercerized PO fibres shown in Table. 1, reveals that the mercerization caused distinct change in chemical composition of the fibre with respect to α-cellulose, hemicellulose and lignin content. Before the chemical composition was determined, the untreated and alkali treated fibres were dewaxed by extracting the chopped fibres in toluene/ethanol solvents (2:1 v/v) [18] . The percentage of extractable matter decreased as the alkali concentration increased from 2% to 20%. This might be because the mercerization removed most of the wax and surface impurities from the fibres. The hemicelluloses content also distinctly decreased with increase in the concentrations of the sodium hydroxide solution which may be attributed to its relatively much more sensitive nature to the action of aqueous sodium hydroxide at room temperature than lignin or α-cellulose [11] . The hemicellulose content of the PO fibres was found to be reduced from 30% in raw fibre to 12% for PO fibres treated with 20% NaOH solution. It is well known that hemicelluloses dissolves in alkali and hence, mercerized PO fibre showed consequent increase in relative percentage of α-cellulose and lignin. Ash content also decreased from 2.5% to 0.5% as most of the impurities such as wax, pectins, fatty substances etc. were removed during the mercerization. Figure. 1, shows the SEM photographs of untreated and mercerized PO fibres with different concentrations of NaOH. On mercerization the fibres became more thinner and the pores became more clearer. The mercerized fibres showed a large number of voids or pit holes on the surface of the fibre with increasing concentration of alkali. This might be because of the removal of fatty substances called tyloses from the surface of the fibre creating holes [19] . The diameter of the fibre also decreased with increasing alkali concentration (Refer Table 2 ). This is due to the removal of hemicellulose and other surface impurities which resulted in surface roughness. Thus mercerization resulted in significant changes in fibre morphology . Fig 1. a) Raw fibre, b) 2% NaOH treated fibre, c) 5% NaOH treated fibre, d) 10% NaOH treated fibre, e) 15% NaOH treated fibre f) 20% NaOH treated fibre Table 2 . Physical properties of the fibres
SEM analysis
FTIR analysis
The IR spectra of untreated and mercerized PO fibre is given in Figure. 2. The strong broad peak at 3300-3320 cm -1 is the characteristic hydrogen-bonded -OH stretching vibration. The IR spectrum of raw fibre shows an absorption peak at 1735 cm -1 , which is the characteristic band for carbonyl stretching, associated with the carbonyl groups present in lignin and other cellulosic components. The peak at 1255 cm -1 showed CH bending of hemicellulose [20, 21] . A band at 1591 cm -1 is due to the C-C stretching of the aromatic ring in the lignin components. The important change expected as a result of mercerization, the removal of the hydrogen bonding in the network which is evident from the increased intensity of the -OH peaks at 3300 cm -l . Also, on mercerization, the peak at 1735 cm -1 and 1255 cm -1 in the spectrum of the raw fibre disappeared. This is due to the fact that a substantial amount of uranic acid, a constituent of hemi-cellulose (xylan) is removed from the fibre, resulting in the disappearance of the peak. Similarly the peak observed at 1378 cm -1 indicates the presence of lignin and it shows diminishing intensity as the fibres are subjected to higher concentration of alkali [10] . Rest of the vibrations are summarized in Table. 3. 
Fig. 2. FTIR spectrum of raw and NaOH treated PO fibre
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XRD analysis
The X-ray diffraction patterns of untreated and mercerized PO fibres are shown in the Fig. 3 .The diffractogram showed two reflections, corresponding to 2θ values of around 16 o and 22 o , respectively. Among these, the low angle reflection (16 o ) was of low intensity, representing I (am) of amorphous material and the other reflection (22 o ) had higher intensity, and it represented I (002) of crystalline material in cellulosic fibre. It was seen that the degree of crystallinity of mercerized PO fibres increased as the concentration of alkali increased upto 15% (Refer Table. 4). This might be because of the removal of hemicellulose which results in close packing of cellulosic chain. However at 20% alkali concentration, it was observed that the crystallinity of the fibre decreased indicating there by degradation of cellulose structure [18] . The degree of crystallinity (CrI%) was calculated using Eq (1) described in experimental part of this paper. www.iosrjournals.org Table 4 . Crystallinity Index of raw and NaOH treated PO fibres
TGA analysis
The thermograms of untreated and mercerized PO fibres are shown in Fig. 4 . All lignocellulosic fibres are mainly composed of cellulose, hemicellulose and lignin. The first degradation temperature ranges from 50-125 o C corresponding to the evaporation of moisture. The second degradation step of untreated fibres was observed at temperature range of 200-300 o C which indicated the loss of hemicellulose and some part of the lignin. The third decomposition step corresponded to the decomposition of cellulose in the range of 300 -400 o C. Similar observation was also made in the case of many natural fibres. The first peak below 100°C was the result of evaporation of moisture. Wax, pectin, and hemicelluloses in it will degrade around 180 o C, cellulose at around 300 o C, and lignin at around 400 o C, respectively. The decomposition temperatures, percentage degradations and char content of untreated and alkali treated fibres showed remarkable differences. These values are presented in Table 5 . It was observed that the residual char left at 500 o C increased considerably from 21.50% to 32.89% in the case of all the treated fibres. From this table, it is clearly evident that the thermal stability parameters of the mercerized fibres were higher than those of the untreated fibres. This might be due to the removal of amorphous hemicelluloses from the fibres by alkali-treatment. Mercerization reduced the hemicellulose to a considerable extent, giving rise to lignin-cellulose complex, thereby making the product more stable than the untreated sample, and this reflected in the increased amount of residual char [33, 34] . The thermal stability of the fibres treated with 20% alkali concentration decreased as compared to that of 15% alkali treated fibres. The char content also decreased to 30.59%. This is in support of the earlier observation in other properties of the fibres treated with 20% alkali solution indicating the degradation of cellulose at this concentration. The removal of the amorphous hemi cellulose of the fibres on alkali treatment might have led to the increase in the % crystallinity of the fibres facilitating improved thermal and mechanical properties [16] . Table 5 . Results of TGA analysis of raw and mercerized PO fibres
Tensile and moisture regain properties
It was observed that the tensile strength and elongation (%) of the mercerized fibres were enhanced in comparision to untreated PO fibre. The tensile properties and moisture content values are hereby summarized in Table 6 . The tensile properties of the PO fibres increased till particular alkali concentration i.e. from 2 to 15%; further increase in alkali concentration resulted in decrease in tensile properties. This might be because of the removal of amorphous hemicellulose in the initial phase and other waxy substance from the fibre on alkali treatment which increases the overall crystallinity of the fibre. The cellulose chains in the fibre are always in a constant state of strain due to the dispersion of hemicelluloses and lignin into the inter-fibrillar region of fibre structure separating the cellulose chains from each other. But after alkali treatment, the hemicellulose is removed to a large extent from the fibre. Due to this the fibrils rearrange themselves in a compact manner which leads to a close packing of the cellulose chains, which ultimately results in the improvement of tensile properties of the alkali treated SR fibres [35] . Similarly the moisture content of the mercerized fibres also decreased with increase in alkali concentration as compared to that of the untreated fibres. Thus mercerized fibres lead to reduction of free hydroxyl groups which ultimately increased the crystallinity and there by reduced the amorphous content of the fibre. This is in support to XRD and TGA results discussed earlier. 
IV. Conclusion
Pandanus odorifer (PO) fibre on treatment with increasing concentration of NaOH upto 15%, showed increase in crystallinity as a result of dissolution and removal of amorphous hemicellulose. Such an increase in crystallinity is also confirmed by X-ray diffraction. TGA also supported the same showing increase in thermal stability. The tensile strength of the fibres treated with alkali increased and maximum increase was observed in case of 15% alkali concentration. However, beyond this concentration at 20% alkali concentration, due to decrystallisation strength was decreased and also thermal stability. Hence 15% alkali treatment of PO fibres can give maximum increase in crystallinity and tensile properties and hence could offer maximum reinforcement to the composite material. 
